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DETAILED ACTION 

Election/Restrictions 

Restriction to one of the following inventions is required under 35 U.S.C. 121: 

I. Claims 1-15, drawn to a method, classified in class 205, subclass 125. 

II. Claims 16-18, drawn to a product, classified in class 257, subclass 449. 

The inventions are distinct, each from the other because of the following reasons: 
Inventions I and II are related as process of making and product made. The 
inventions are distinct if either or both of the following can be shown: (1) that the 
process as claimed can be used to make other and materially different product or (2) 
that the product as claimed can be made by another and materially different process 
(MPEP § 806.05(f)). In the instant case the product as claimed can be made by another 
and materially different process such as sputter deposition or chemical vapor 
deposition. 

Because these inventions are distinct for the reasons given above and have 
acquired a separate status in the art as shown by their different classification, and the 
search required for Group I is not required for Group II, restriction for examination 
purposes as indicated is proper, restriction for examination purposes as indicated is 
proper. 

During a telephone conversation with the Applicant's representative, Mr. 
Lawrence Fraley, on 1 1/3/05 a provisional election was made with traverse to prosecute 
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the invention of Group I, claims 1-15. Affirmation of this election must be made by 
applicant in replying to this Office action. Invention of Group II is withdrawn from further 
consideration by the examiner, 37 CFR 1.142(b), as being drawn to a non-elected 
invention. 

Applicant is advised that the reply to this requirement to be complete must 
include an election of the invention to be examined even though the requirement be 
traversed (37 CFR 1.143). 

Claim Rejections - 35 USC § 102 

The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 
A person shall be entitled to a patent unless - 

(e) the invention was described in (1) an application for patent, published under section 122(b), by 
another filed in the United States before the invention by the applicant for patent or (2) a patent 
granted on an application for patent by.another filed in the United States before the invention by the 
applicant for patent, except that an international application filed under the treaty defined in section 
351(a) shall have the effects for purposes of this subsection of an application filed in the United States 
only if the international application designated the United States and was published under Article 21(2) 
of such treaty in the English language. 

Claims 1, 5-8, and 11 are rejected under 35 U.S.C. 102(e) as being anticipated 
by Hey et al. 

Regarding claim 1, Hey et al. teach a method of electrolytically plating a layer of 
metal on the internal surface of an opening within a substrate, said method comprising: 
substantially immersing a substrate having an opening therein within an electroplating 
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bath containing ions of a metal to be deposited onto the internal surface of said opening 
(Example); and passing an electric current through said bath wherein said current 
includes modulated forward and reverse pulses, selected ones of said forward and/or 
reverse pulses followed by a pause (off-time, see paragraph 14-26) in said electric 
current, so as to deposit a substantially uniform layer of said metal on said internal 
surface of said opening. 

As well known in the art of of electroplating or electrolytic plating, any 
electroplating process inherently comprises the steps of immersing a substrate in an 
electroplating bath containing ions of a metal to be deposited and passing an electric 
current through said bath. Ions of the metal to be electroplated are inherently present in 
an electroplating solution, since the positive metal ions are attracted to the cathode 
where they combine with electrons, yielding neutral metal which is plated onto the 
electrode. 

Regarding claim 5, Hey et al. teach an electroplating method wherein the forward 
pulses each have a pulse width within the range of from about 5 to about 50 
milliseconds (claim 8), which is within the range of the instant claim. 

Regarding claim 6, Hey et al. teach an electroplating method wherein the reverse 
pulses each have a pulse width within the range of from about 1 to about 500 
milliseconds (claim 7), which is within the range of the instant claim. 
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Regarding claim 7, Hey et al. teach an electroplating method wherein the pause 
(or off - time) in said electric current following said selected ones of said forward and/or 
reverse pulses is within the range of from about 1 to about 500 millisecond (claim 3), 
which is within the range of the instant claim. 

Regarding claim 8, Hey et al. teach an electroplating method wherein the the 
ratio of times of said forward pulse to said reverse pulse to said pause is within the 
range of from about 40:4:1 to about 400:20:1. The time duration of the forward pulse, 
reverse pulse, and off - time as taught by Hey et al. can be selected within their 
respective range to yield the ratio within the range of the instant claim, such as 40, 4, 
and 1 millisecond, respectively. 

Regarding claim 11, Hey et al. teach an electroplating method wherein the 
electroplating bath further includes organic brighteners and carriers, also known as 
suppressors, (paragraph 29). 

Claims 1-6 and 9-11 are rejected under 35 U.S.C. 102(e) as being anticipated by 
Tsuchida et al. 

Regarding claim 1 , Tsuchida et al. teach a method of electrolytically plating a 
layer of metal on the internal surface of an opening within a substrate, said method 
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comprising: substantially immersing a substrate having an opening therein within an 
electroplating bath containing ions of a metal to be deposited onto the internal surface 
of said opening (Example 1-3); and passing an electric current through said bath 
(Example 1-3) wherein said current includes modulated forward and reverse pulses, 
selected ones of said forward and/or reverse pulses followed by a pause (rest time, see 
paragraph 67) in said electric current, so as to deposit a substantially uniform layer of 
said metal on said internal surface of said opening. Tsuchida et al. teach that the rest 
time is between forward electrolysis and reverse electrolysis. This reads on the instant 
claim because the rest time follows the forward pulse. 

As well known in the art of of electroplating or electrolytic plating, any 
electroplating process inherently comprises the steps of immersing a substrate in an 
electroplating bath containing ions of a metal to be deposited and passing an electric 
current through said bath. Ions of the metal to be electroplated are inherently present in 
an electroplating solution, since the positive metal ions are attracted to the cathode 
where they combine with electrons, yielding neutral metal which is plated onto the 
electrode. 

Regarding claims 2 and 3, Tsuchida et al. teach an electroplating method 
wherein the substrate can be a printed circuit board or wafer having through holes 
and/or via-holes (paragraph 78); and the resin/dielectric substrate is a fiberglass- 
reinforced epoxy resin (paragraph 79). 
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Regarding claim 4, Tsuchida et al. teach an electroplating method wherein the 
metal is copper. 

Regarding claim 5, Tsuchida et al. teach an electroplating method wherein the 
forward pulses each have a pulse width within the range of from about 1 to about 50 
milliseconds (paragraph 67), which is within the range of the instant claim. 

Regarding claim 6, Tsuchida et al. teach an electroplating method wherein the 
reverse pulses each have a pulse width within the range of from about 0.2 to about 5 
milliseconds (paragraph 67), which is within the range of the instant claim. 

Regarding claim 9, Tsuchida et al. teach an electroplating method wherein the 
each of the pairs of said forward and reverse pulses are provided for an average current 
density of from about 0.1-200 A/dm2 (or about 1-200 Amperes per square foot) 
(paragraph 68), which is within the range of the instant claim. 

Regarding claim 10, Tsuchida et al. teach an electroplating method wherein the 
ratio of said current densities of said forward pulses to said reverse pulses is within the 
range of from about 1 to 1-10 (paragraph 68), which is within the range of the instant 
claim. 
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Regarding claim 1 1 , Tsuchida et al. teach an electroplating method wherein the 
electroplating bath further includes organic brighteners and carriers, also known as 
surface active agents, (paragraph 47 and 75). 



Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 



Claims 2-4 and 9-10 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Hey et al. in view of Tsuchida et al. 



Hey et al. teach the method as described above in addressing claim(s) 1 . 
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The difference between the reference to Hey et al. and the instant claims is that 
the reference does not explicitly teach plating on a dielectric substrate (claims 2-3) nor 
the specific forward and reverse current densities (claims 9-10). 

Regarding claims 2 and 3, Tsuchida et al. teach an electroplating method 
wherein the substrate can be a printed circuit board or wafer having through holes 
and/or via-holes (paragraph 78); and the resin/dielectric substrate is a fiberglass- 
reinforced epoxy resin (paragraph 79). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method of Hey et al. by plating on the 
dielectric substrate having through holes as taught by Tsuchida et al., because it is 
conventionally known to plate copper on a dielectric substrate, such as a printed circuit 
board, having through holes. It would have been obvious to one having ordinary skill in 
the art to use a fiberglass-reinforced epoxy resin, because a skilled artistan would be 
able to select from among known suitable resins for printed circuit board. 

Regarding claim 9, Tsuchida et al. teach an electroplating method wherein the 
each of the pairs of said forward and reverse pulses are provided for an average current 
density of from about 0.1-200 A/dm2 (or about 1-200 Amperes per square foot) 
(paragraph 68), which is within the range of the instant claim. 
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Regarding claim 10, Tsuchida et al. teach an electroplating method wherein the 
ratio of said current densities of said forward pulses to said reverse pulses is within the 
range of from about 1 to 1-10 (paragraph 68), which is within the range of the instant 
claim. 

Addressing claims 9-10, it would have been obvious to one having ordinary skill 
in the art at the time the invention was made to have modified the method of Hey et al. 
by using the range of current densities of Tsuchida et al., because such range of current 
densities would prevent clumps from forming and marring the appearrance of plating 
(paragraph 56), and because it would form a fine deposited film with satisfactory 
appearance and via - filling property (paragraph 10). 

Regarding claim 4, Hey et al. teach an electroplating method wherein the metal is 
copper. 

Claims 12 and 14-15 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Hey et al. in view of Barnards et al. 



Hey et al. teach the method as described above in addressing claim(s) 1. 
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The difference between the reference to Hey et al. and the instant claims is that 
the reference does not explicitly teach the specific concentration of copper (claim 12) 
nor the aspect ratio of the substrate (claim 15). 

Barnards et al. teach an acid copper plating solution used for plating through- 
holes in printed circuit manufacture with the through hole has an aspect ratio greater 
than 10 to 1 (column 8 lines 4-9), wherein the copper plating solution has a copper 
concentration of 5-25 g/L (column 5 lines 7-10). 

Addressing claim 12, it would have been obvious to one having ordinary skill in 
the art at the time the invention was made to have modified the method of Hey et al. by 
using the copper concentration of Barnards et al., because such copper concentration 
would increase the throwing power of the solution without sacrificing leveling or the 
ability of the deposit to resist thermal stress (column 1 lines 18-22). 

Addressing claim 15, it would have been obvious to one having ordinary skill in 
the art at the time the invention was made to have modified the method of Hey et al. by 
plating on a substrate having the aspect ratio of Barnards et al., because it is within the 
ability to one having ordinary skill in the art to electroplate a substrate having high 
aspect ratio features, and because plating on a substrate having high aspect ratio 
features is commonly known in the art. 
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Regarding claim 14, Hey et al. teach an electroplating method wherein the acid is 
sulfuric acid. 

Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over Hey et 
al. in view of Barnards et al., and further in view of Sonnenberg et al. 

Hey et al. and Barnards et al. teach the method as described above in 
addressing claim(s) 12. 

The difference between the references and the instant claim is that the 
references do not explicitly teach the specific concentration of sulfuric acid. 

Sonnenberg et al. teach an acid copper plating solution used for plating through- 
holes in printed circuit manufacture wherein the copper plating solution has an acid 
concentration of 100-300 g/L (table 1). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method of Hey et al. by using the acid 
concentration of Sonnenberg et al., because such has the concentration would enhance 
the thickness uniformity of the deposit. 
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Claims 7-8 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Tsuchida et al. in view of Hey et al. 

Tsuchida et al. teach the method as described above in addressing claim(s) 1 . 

The difference between the reference to Tsuchida et al. and the instant claims is 
that the reference does not explicitly teach the specific rest time nor the specific ratio of 
the forward and reverse current densities to the rest time. 

Regarding claim 7, Hey et al. teach an electroplating method wherein the pause 
(or off - time) in said electric current following said selected ones of said forward and/or 
reverse pulses is within the range of from about 1 to about 500 millisecond (claim 3), 
which is within the range of the instant claim. 

Regarding claim 8, Hey et al. teach an electroplating method wherein the the 
ratio of times of said forward pulse to said reverse pulse to said pause is within the 
range of from about 40:4:1 to about 400:20:1. The time duration of the forward pulse, 
reverse pulse, and off - time as taught by Hey et al. can be selected within their 
respective range to yield the ratio within the range of the instant claim, such as 40, 4, 
and 1 millisecond, respectively. 
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Addressing claims 7-8, it would have been obvious to one having ordinary skill in 
the art at the time the invention was made to have modified the method of Tsuchida et 
al. by using the rest time of Hey et al., because such rest time would be suitable for 
plating high aspect ratio features to achieve desirable deposition profiles, such as 
thickness uniformity, and because it would provide a void-free and seem-free deposition 
of metal in high aspect ratio features. 

Claims 12 and 14-15 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Tsuchida et al. in view of Barnards et al. 

Tsuchida et al. teach the method as described above in addressing claim(s) 1 . 

The difference between the reference to Tsuchida et al. and the instant claims is 
that the reference does not explicitly teach the specific concentration of copper (claim 
12) nor the aspect ratio of the substrate (claim 15). 

Barnards et al. teach an acid copper plating solution used for plating through- 
holes in printed circuit manufacture with the through hole has an aspect ratio greater 
than 10 to 1 (column 8 lines 4-9), wherein the copper plating solution has a copper 
concentration of 5-25 g/L (column 5 lines 7-10). 
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Addressing claim 12, it would have been obvious to one having ordinary skill in 
the art at the time the invention was made to have modified the method of Tsuchida et 
al. by using the copper concentration of Barnards et al., because such copper 
concentration would increase the throwing power of the solution without sacrificing 
leveling or the ability of the deposit to resist thermal stress (column 1 lines 18-22). 

Addressing claim 15, it would have been obvious to one having ordinary skill in 
the art at the time the invention was made to have modified the method of Tsuchida et 
al. by plating on a substrate having the aspect ratio of Barnards et al., because it is 
within the ability to one having ordinary skill in the art to electroplate a substrate having 
high aspect ratio features, and because plating on a substrate having high aspect ratio 
features is commonly known in the art. 

Regarding claim 14, Tsuchida et al. teach an electroplating method wherein the 
acid is sulfuric acid. 

Claim 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Tsuchida et al. in view of Barnards et al., and further in view of Sonnenberg et al. 

Tsuchida et al. and Barnards et al. teach the method as described above in 
addressing claim(s) 12. 
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The difference between the references and the instant claims is that the 
references do not explicitly teach the specific concentration of sulfuric acid. 

Sonnenberg et al. teach an acid copper plating solution used for plating through- 
holes in printed circuit manufacture wherein the copper plating solution has an acid 
concentration of 100-300 g/L (table 1). 

It would have been obvious to one having ordinary skill in the art at the time the 
invention was made to have modified the method of Tsuchida et al. by using the acid 
concentration of Sonnenberg et al., because such has the concentration would enhance 
the thickness uniformity of the deposit. 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to the 
applicant's disclosure. Simpson et al., Dahms et al., Lopatin teach similar electroplating 
method using off time. . 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Luan V. Van whose telephone number is 571-272-8521. 
The examiner can normally be reached on M-F 8:30-5:00. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nam Nguyen can be reached on 571-272-1342. The fax phone number for 
the organization where this application or proceeding is assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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